Introduction
The initial operation of the ISR at tune values close to an integer resulted in transverse blow-up and proton losses due to dipolar overlap knock-out resonances acting between the coasting beam and the injected bunched beaml. These effects are eliminated by reduction of the harmful longitudinal harmonics contained in the bunched beam1.
Overlap knock-out may also occur when both beams are bunched.
In this case the synchrotron motion of the perturbed beam causes particles to traverse the resonance many times and increases the rate of increase of the transverse emittance.
2.
Elements of Theory
The longitudinal frequencies in a bunched beam are ft = s fb ± msfs (1) where s is the harmonic number of the bunch revolution frequency (fb) ms is the mode of the bunch oscillation (ms = 1 for dipole etc.), and fs is the coherent synchrotron frequency of the bunches. The transverse increase in the amplitude of a particle which crosses a single isolated mono-dimensional resonance of order mt is given by2 -c y 7T$C 1 Ae(7 ay mt 4 dt where cy = the initial rms value and de/dt may be calculated from (4).
For the bunched beam, only the rate of change of momentum of the centre of gravity of the beam (or the synchronous particle) need be calculated.
However in the case of the perturbed beam the instantaneous dP/dt of each particle inside the bucket must be evaluated. In this way the transverse blow-up of a particle which crosses a single isolated mono-dimensional resonance of bandwidth Ae (from (5) and (6)) may then be evaluated from (7). In the case of many crossing points the resonance bandwidth must be evaluated from the vector addition of Ae over one turn.
This can be evaluated when the relative phase advance Apz in each crossing point is known.
Measurements and Results
Both rings of the ISR were initially set for injection at 11.8 GeV/c.
The tune values were adjusted so that the expected resonant tune value Qp was around the centre of the aperture.
An injected bunched beam of around 150 mA (20 bunches) was accelerated from 11.8 to 26.6 GeV/c in ring 2 (R2 Fig. 1 Fig. 2 ).
The measurements (Fig. 3) show that large separations can cause a very large excitation (a) or no excitation (c) Fig. 3 . Losses due to dipolar OKO resonances depending on the type of separation in each intersection.
The large excitation occurs when the vector addition of the bandwidths (with 'z) over one turn is large (Fig. 4(a) ).
Conversely when the kicks are subtractive (Fig. 4(b) ) the excitation can be greatly reduced. Fig. 3(b) also shows that the sum of the excitation is very small when the beams are colliding headon.
In this configuration the calculated beam-beam excitation per intersection is maximum for all even order resonances.
Again the absence (or reduction) of excitation may be explained by the vector summation of Ae in each crossing point (Fig. 4(c) ). Fig. 5 shows that, as expected, when the bunched beam is dumped the excitation disappears. (Fig. 6(a) ). The variation of the total OKO excitation as a function of the RF voltage (of the perturbed bunches) is shown in Fig. 9 .
It is clear that increasing the RF voltage and hence the synchrotron frequency causes the beam blow-up rate to increase.
This may be explained qualitatively by the fact that each particle crosses the resonance a greater number of times as it is accelerated across the resonance. This is again explained by the vector summation of the resonance bandwidth over the total number of crossing points (Fig. 7) . In the case of quadrupolar beambeam resonances the sign of excitation is independent of beam separation which makes it impossible to devise beam separations which maximize the excitation as was done for the dipolar case.
However by decreasing the amplitude of the vectors in some crossing regions the total excitation can be greatly increased (Fig. 7) . Application of this type of 'bump' caused an immense increase in the beam losses during traversal of the resonance (Fig. 6(c) These latent resonances may provide a strong source of transverse beam excitation and blow-up. In a multi-intersection colliding beam machine the beam separation in each intersection, the betatron phase advance between intersections, and the number of bunches in the exciting beam all play an important role in the total excitation of the perturbed particles.
6.
